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INTRODUCTORY. 



The object of this work is to point out the prac- 
tical significance of some of the laws governing 
the distribution of alternating currents ; also, to 
explain those laws in such a manner that their 
nature and relative importance may be realized by 
practical men without the expenditure of time 
necessary to the study of complete works on 
the subject. Tables are given and determin- 
ations worked out which show how calculations 
can be made, and which also serv^e as illustra- 
tions of the principles involved. Mathematical 
expressions and scientific terms have been avoided 
as much as possible, since their use would tend to 
make the work less suggestive to many readers for 
whom it is intended. In cases where no conven- 
tional names exist to express the meanings desired 
terms have been used which suggest correspond- 
ing terms that are generally familiar to persons 
engaged in electrical work. 

To properly study a subject of this kind it is 
desirable that the mind should form a clear and 
correct general conception of the fundamental 
principles before it is burdened with a multi- 
plicity of details. It is hoped that this book 
may help the reader to form certain ideas and con- 
ceptions which tend to make available to him the 
information obtainable from more thorough and 
comprehensive works. 



ALTERNATING CURRENT 
WIRING AND DISTRIBUTION. 



/. Influences Affecting Alternating Distribution, — 

The different effects which influence alternating 
distribution are very commonly confused with each 
other by persons who have not carefully studied 
the subject. It will, therefore, be well to state 
what these different influences are. We will, there- 
fore, name them in the order in which they are 
discussed. 

Surface or Skin Effect By this is meant the pro- 
perty possessed by alternating currents of a ttain- 
ing a greater density on and near the surface of 
conductors than in the interior portions, the result 
of which is that a certain proportion of the con- 
ducting metal is practically inoperative. Inductive 
Effects^ by which are mean tthe counter e. m. f.'s 
which are induced in a circuit through the alter- 
nations of its own current. The Inductive Influence 
vf other Alternating Circuits^ which may give rise to 
periodic or continuous inequalities of distribution. 
Capacity Effects^ which are due to the fact that lines 
and cables may act as electrical condensers, which 
alternately charge and discharge themselves with 
the fluctuations of e. m. f. in the circuit. 
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2. Surface or Skin Effect. — The nature of this 
phenomenon may be briefly explained as follows : 

When a current is started irf a wire each line or 
element of increasing current tends to induce 
counter e. m. f.'s or reverse currents in the metal 
in its neighborhood; thus all the metal in the wire' 
is subjected to two opposing forces, one to create 
current flow and the other to retard it. The cen- 
tral portions of the wire are surrounded by these 
retarding influences while the outer surface of the 
wire can receive them from one side only. The 
result of this is that when a wire is suddenly sub- 
jected to an E. M. F. the current begins first to flow 
on its surface, and an appreciable time elapses be- 
fore the full current density reaches the centre of 
the wire. Thus the current may be said to begin 
on the outside and soak into the wire. If the al- 
ternations are sufficiently frequent the central por- 
tions of the wire are practically never reached by 
the current, and the copper available for conduct- 
tivity is little greater than what it would be if the 
conductor were a tube of similar outside diameter. 
The thickness of the walls of the equivalent tube 
will be less as the frequency increases. It is easy 
to understand that this effect is relatively greater 
with large wires than with small ; also, that it will 
be much greater with iron than with copper wires. 

This surface effect is entirely confined to the 
wire itself, and has nothing to do with the mag- 
netic field surrounding the wire ; hence it practi- 
cally amounts to an increase in resistance of the 
wire, and does not affect the inductance of the cir- 



cuit. From the following table it will be seen that 
with such sizes of wire as are generally desirable 
in alternating work the reduction of virtual resis- 
tance is inappreciable : 

TABLE I. 



Product of 




Product of 




Circular Mils X 


Factor. 


Circular Mils X 


Factor. 


Cycles per Sec. 




Cycles per sec. 




10,000,000 


1.00 


70,000,000 


i.»3 


20,000,000 


1. 01 


80,000,000 


• X.X7 


30,000,000 


1.03 


90,000,000 


Z.20 


40,000,000 


1.05 


100,000,000 


x.as 


50,000,000 


X.08 


125,000,000 


1.34 


60,000,000 


1.10 


150,000,000 


X-43 



The factors given in this table multiplied by the resistance to direct cur- 
rents will give the resistance to alternating currents for copper conductors of 
circular cross-section. 



3 Counter £. M. F. of Self -/nduction.— With di- 
rect currents the only sources of variation of poten- 
tial outside of the generators or motors are the 
simple resistances of the lines and other parts of the 
circuit. These being constant the variations are 
always proportionate to the currents, and wiring 
tables can be made which will show accurately the 
variations that will be met under any set of con- 
ditions. With alternating currents the case is dif- 
ferent, and in addition to the effects of simple 
resistances, we have to deal with counter electro- 
motive forces introduced by the inductances of the 
circuit. These counter e. m. f.'s are caused by the 
periodic variations in the current which cause 
changes in the magnetic flux through the circuit 
That is, the wires carrying the current are encir- 
cled by lines of magnetic force and many of these 
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lines generally pass through the circuit, so that 
any change in current strength causes a change in 
the number of lines which pass through the cir- 
cuit, and this change generates counter e. m. f. 
This counter e. m f. is not continuous but periodic, 
like the current which generates it, and since it is 
greatest when the magnetic flux is increasing or 
diminishing most rapidly, its maximum values do 
not coincide in time with the maximum current 
values, but come at the instants when the current 
is changing most rapidly. If the current waves 
are simply harmonic these instants occur when 

c 




FIG. I. 

the current is changing its direction, which is one 
quarter of a period before and after the current is 
at its maximum. Thus the current and counter 
E. M. F. of self-induction differ by a quarter phase. 

4. Explanation of Harmonic Variations. — The 

ideal alternating current should vary according to 
the laws of simple harmonic quantities, and with 
good apparatus the variations in fully loaded lines 
do generally approximate quite closely to these 
laws. It is, therefore, important that the student 
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of alternating currents should form a clear concep- 
tion of the nature of the variations of such quanti- 
ties. An example of a quantity which varies ac- 
cording to these laws is 'the distance above or 
below the floor line of any point on a fly wheel 
moving at constant speed. The curve in Fig. i rep- 
resents the variation of a harmonic quantity, a k 
representing the time of its complete period, and 
the distance of points in the curve from this line 
represent the values at corresponding instants. 
The circumference of the circle a c' e' g' is divided 
in the same manner as the line a k and the corre- 
sponding letters and dotted lines show the relation 
between the circle and the harmonic variable. 
The distance of the point of the minute hand of a 
clock above the shelf on which it stands is a har- 
monic variable whose complete period is one hour. 
Thus we regard the complete period of such a 
quantity as 360° or one circumference. 

If we had another harmonic curve drawn in Fig. 
I, whose period was the same, but whose zero value 
I came at c instead of a, we would say that this 
curve differed in phase from the curve a o by 90^, 
or that it lagged 90^ behind it, or that it was in 
quadrature with it. 

5. Energy and Induction. — If two harmonic quan- 
tities of equal periods are in quadrature with each 
other, that is, differ in phase by 90°, and their simul- 
taneous values are multiplied together, the sum of 
all the products will be zero, the maximum of each 
quantity will correspond in time with the zero of the 
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other, and the products which occur between the 
maximum and minimum points will be half posi- 
tive and half negative and will amount in all to 
zero. 

When an alternating current is caused in a 
circuit by a certain e. m. f., and the phases of this 
current and e. m. f. are the same, the energy in 
watts in the circuit is equal to the product of the 
current in amperes and the e. m. f. in volts, just 
as is the case of a direct current. If we could 
have a circuit in which an alternating e. m. f. and 
the current which it caused were in quadrature 
with each other, the sum of all the corresponding 
products of current and e. m. f. would, as stated 
above, be zero and the energy consumed in the 
circuit would be nil. This condition is approxi- 
mately filled when a condenser is connected to a 
source of alternating e. m. f. A current will exist 
in the leads to the condenser and an e. m. f. exists 
at its terminals, but since this current and e. m. f. 
are practically in quadrature the power in watts 
of the circuit is very small. If the condenser did 
not leak or consume energy through the agitation 
of its dielectric the current and e. m. f. would be 
in quadrature and the energy zero. 

When the current and e. m. f. are of different 
phase, but not in quadrature, we may regard the e. 
M. F. as being the resultant of two components, one 
in phase with the current and one in quadrature 
with it. From the nature of periodic quantities this 
division into components is easily effected. If the 
hypothenuse of a right triangle is made of a length 
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which will represent in any chosen unit the im- 
pressed E. M. F. of a circuit, and if the differ- 
ence of phase of the e. m. f. and current is 
shown by the one of the acute angles ; then the 
side opposite to this angle will represent the com- 
ponent of the E. M. F. which is in quadrature with 
the current, and the side adjacent will represent 
the component which is in phase with the current. 
No matter what the nature of the circuit may be 
or what forms of energy may be developed in it, 
the total energy of the circuit in watts must equal 
the product of the current and this component of 
the E. M. F. which is in phase with the current. 
This component we therefore call the energy com • 
ponent of the e. m. f. The other component of 
the E. M. F. can imply the performance of no work, 
since it is in quadrature with the current. No 
matter what its origin may be, it is of the nature 
of a counter e. m. f., and we call it the inductive 
component of the e. m. f. A clear understanding 
of this fundamental relation between the work 
done in a circuit and the phase difference of its e. 
M. f. and current will do much to elucidate the 
study of alternating currents. 

6. Relation of Current and f . M. F. — In direct 
current circuits not containing motors the current 
always equals the e. m. f. divided by the resistance. 
In alternating circuits this relation seldom exists, 
for besides being checked by the resistance, the 
current is opposed by the counter e. m. f. of self-in- 
duction which in turn may, or may not, be partly 
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neutralized by the effect of secondary circuits and 
other disturbing influences. If the alternating 
circuit is alone and without iron, its current at a 
given E. M. F. depends simply on the resultant of 
two quantities, one is its resistance, and the other, 
for want of a better name, may be called its in- 
ductive resistance. This inductive resistance is equal 
to the counter e. m. f. of self-induction divided by 
the current. 

The resultant of these two quantities is called 
the impedance. Thus in an alternating circuit the 
current is equal to the impressed e. m. f. divided 
by the impedance, just as in a direct current cir- 
cuit the current equals the e. m. f. divided by the 
resistance. In circuits which are so arranged that 
their energy may be absorbed in other ways than 
by the overcoming of their own resistance, the ex- 
planation of impedance must be made broader^ 
and instead of being the resultant of a resistance 
and a counter e. m. f. of self-induction, we may say 
that it is the resultant of an energy component 
and an inductive component ; the former beings 
made up of the resistance and other causes of 
energy consumption to which it is subject; and the 
latter being due to the combined effect of the in- 
duction of its own current and that of other cur- 
rents to which it ha3 given rise in secondaries, iron 
cores, etc. We will coin a name for this energy 
component of the impedance and call it the energy 
resistance just as we have called the inductive com- 
ponent the inductive resistance. If overhead lines 
are considered alone the components of impedance 
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consist in simple resistance and self-induction, 
while if transformers are used other influences are 
introduced. 

The counter e. m. f, of induction, and conse- 
quently the impedance, varies with the frequency 
of alternations and with the form and nature of 
the circuit. High frequencies imply rapid current 
changes, and consequently large inductive effects; 
these effects being due to the rapidity of change 
in magnetic flux. It is also easily seen that in a 
circuit consisting of an outgoing and return wire 
laid side by side there is little room for magnetic 
flux through the circuit, and consequently there is 
little induction; while if the wires are separated 
the induction is increased. If the wire is wound 
into a coil the induction is multiplied, and if iron 
is inserted in the coil the magnetic flux through 
the circuit is enormously increased. The impe- 
dances of isolated circuits without iron, like over- 
head lines, are the same for all current strengths, 
while in circuits with iron they will vary more or 
less with the varying losses and degrees of magneti- 
zation of the iron for different current strengths. 
We cannot correctly estimate the drop introduced 
by a line from the line impedance alone, since it 
may not correspond in phase with the total impe- 
dance of the circuit which is the quantity which 
determines the current flow for any given e. m. f. 
^ applied. 

7. ElectromotiwB Forces — If the curve in Fig. i 
shows the variations of an alternate current whose 
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complete period is represented by a k, and whose 
maximum value is represented by the line o c, 
we see that the instants when this current is 
changing its strength most rapidly occur at a, e 
and k; hence, as has been explained above, the 
maximum changes of magnetic flux, and conse- 
quently the maximum counter e. m. f.'s occur at 
these points, which are removed by 90^ from the 
maximum values of the current. 

To create a current in an alternating circuit hav- 
ing inductance, and in which no work is done save 
that of overcoming resistance, sufficient e. m. f. 
must be generated to do this work, and in addition 
a sufficient amount to overcome the counter e. m. f. 
Thus the energy in watts in the circuit may be 
much less than the product of the volts at the ter- 
minals and the amperes. In any alternating cir- 
cuit having inductance the e. m. f. supplied may be 
considered as made up of two components, one 
only of which is effective in doing work, the other 
simply overcoming the counter e. m. f. The watts 
of energy in the circuit being the product of the 
effective e. m. f. in volts and the current in am- 
peres. These two parts we have called the energy 
component and the inductance component of the 
E. M. F.; they are both periodic quantities and differ 
in phase by 90^, as explained. The impressed 
E. M. F., which is necessary to cause the current in 
the circuit, is also a periodic quantity, and its , 
phase is somewhere between those of its compo- 
nents, and naturally nearer to that of the greater 
of the two. 
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8. Diagramatic Representaiign. — It will be well 
to state here a law of harmonic quantities which, 
however, need not be demonstrated. When two 
harmonic quantities of the same period but differ- 
ent phase are added together they will form a 
third harmonic quantity of the same period, as 
shown in Fig. 2 in which cp + bp = a p and 
p' c' — p' b' = p' a', etc. 

If the length of the line a b. Fig. 3, represent 
the maximum value of one harmonic quantity, and 
the length of the line a c represent another of the 




FIG. 2. 

same period, and if the angle bag represent their 
difference of phase, then the line a d, the diagonal 
of the parallelogram constructed on a b and a c, 
will represent in length the maximum of the re- 
sultant harmonic quantity, and the angles that this 
line makes with a b and a c will be the angles by 
which its phase differs from the quantities which 
these lines represent. With the two quantities we 
are considering, viz., the counter e. m. f. of indue- 
duction and the effective e. m. f., the phase differ- 
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ence is 90^, or a right angle; the parallelogram, 
therefore, in this case becomes a rectangle with 
these two quantities as sides adjacent to the right 
angle. The diagonal represents the impressed 
E. M. F. in length and in phase; or, since the two 
diagonals of a rectangle are equal we may simply 
construct a triangle, Fig. 4, in which the hypo- 
thenuse represents the impressed e. m. f. The angle 
at A is the angle by which the current lags behind 
the impressed e. m, f., and is called the lag angle 
of the circuit. 



c 



FIG. 3. 

In the same way we may construct a triangle, 
Fig. 5, showing the components of impedance, 
namely the energy resistance and the inductive re- 
sistance. Both these quantities are expressed in 
ohms, and if they are each multiplied by the cur- 
rent in amperes the products will be the quantities 
represented by the sides of the triangle in Fig. 4 
expressed in volts. 

Suppose we have a circuit consisting of three 
parts, each with a different lag angle, the impressed 
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E. M. F. required in each part being respectively rep- 
resented in quantity and phase by the lines a b, b c, 




ErncTivi E.M.F. 
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FIGS. 4 AND 5. 

and c D, Fig. 6, the energy components being repre- 
sented by the horizontal lines and the induction 
components of the e. m." f. by the vertical lines. 
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FIG. 6. 



Then the line a d is the impressed e. m. f. required 
in the whole circuit, a e is the energy component of 
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this E. M. F., and v e its induction component. 
Thus the total energy component of the e. m. f. of 
the circuit is equal to the sum of all the energy- 
components of its parts ; also the sum of all the 
induction components is equal to the induction 
component of the circuit. The sum of the im- 
pressed E. M. f/s of the parts is greater than the 
impressed e. m. f. of the whole, since the parts are 
of different phases. In the same way, if we sum 
all the energy resistances in a circuit, and also all 




3 ohms 



FIG. 7. 

the inductive resistances, the resultant of these two 
sums will be the impedance of the circuit, and the 
sum of all the impedances in the circuit will 
be greater than the total impedance unless the 
impedances of all the parts have the same phase, 
in which case all the parts have the same lag an- 
gle. If we want to find the impedance equiva- 
lent to two known impedances in parallel, we 
must proceed as follows : From the reciprocals of 
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the two impedances, each with its proper phase, 
construct a parallelogram. The direction of the 
diagonal will give the phase of the resultant im- 
pedance and the reciprocal of its length will give 
its amount. Suppose we have two impedances of 
2 ohms and 3 ohms in parallel. These may be 
represented in length and in phase by the lines . 
A c and c f, Fig. 7. The reciprocals of 2 and 3 
are J4 and yi. Constructing a parallelogram, as 




FIG, 8. 

shown, and laying off c d, equal to — , the line 

c F 

c D represents in amount and phase, the resultant 
impedance, and by measurement we find it to be 
about I.J ohms. These angles and results can 
also be obtained by calculation, but the graphic 
method is more suggestive and practically as easy 
of application. Where two impedances are in 
quadrature with each other their resultant in par- 
allel may be found as follows : Construct a right 
triangle whose sides adjacent to the right angle 



represent in length and direction the two impe- 
dances in question. The perpendicular from the 
right angle to the hypothenuse will represent the 
resultant impedance in length and direction. In 
Fig. 8, if A B and a d represent two impedances in 
-quadrature, then a e will represent the resultant of 
the two in parallel. 

9. Mature of Circuits of Different Classes. — In 

order that a circuit may have inductance it must be 
so arranged that current in it causes the passage 
of lines of magnetic force through it. A circuit 
of incandescent lamps is an example of a non-in- 
ductive circuit. It can embrace only a small num- 
ber of lines of force in proportion to the energy it 
consumes and consequently may be considered as 
having no inductance, although, of course, it has a 
little; the current in it is practically in phase with 
the impressed e. m. f. A circuit consisting of a sin- 
gle loop of very large wire, with its sides well separ- 
ated may have a very large lag angle, since it will 
embrace a considerable number of lines of force, 
but will consume very little energy, owing to its 
low resistance. No matter what form of energy 
is consumed in a circuit its effect on the lag angle 
is the same, whether it is expended in overcoming 
resistance, and thus heating the circuit itself, or 
or whether it is delivered to a secondary circuit, or 
is consumed in eddy currents, or in hysteresis in an 
iron core, its effect is always to bring the impressed 
E. M. F. more nearly into phase with the current 
that is to decrease the lag angle. Thus a circuit 
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may have a very large counter e. m. f. of self in- 
duction, but such a small current, that a slight 
energy loss makes the lag angle quite small. For 
example, the primary circuit of an ordinary trans- 
former, with secondary circuit open, has an energy 
component of about 70 per cent, of the impressed 
E. M. F., corresponding to a lag angle of about 45^, 
while the same coil, if wound on an open instead 
of a closed iron magnetic circuit might have a lag 
angle of 80^, because in that case a larger current 
would be necessary to create the same conditions 
in the iron. This increased current would increase 
the induction component in direct ratio, but would 
only slightly increase the energy component, since 
only a small proportion of the lost energy is intro- 
duced by the resistance of the wire, the greater 
part of it being expended in hysteresis and eddy 
currents. 

10. Other Influences. — If a condenser is con- 
nected between the leads of an alternating circuit it 
alternately receives and discharges current as the 
E. M. F. at its terminals changes, being charged as 
the potential rises and discharging into the circuit 
as the potential falls. Thus it returns e. m. f. to the 
line just at the time when the e. m. f. of the line 
is being opposed by the counter e. m. f. of self-in- 
duction if any exists. Thus inductance and capa- 
city tend to neutralize each other, capacity tending 
to decrease the lag angle, and often causing a 
negative lag angle, in which case the drop of 
potential in the circuit may be less than that which 
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would be due to the energy loss alone. The 
two leads of every circuit form a condenser of a 
certain capacity, but the effect of that capacity in 
overhead lines is unimportant except in lines of 
great length with very high potential. 

The lag angles in the circuit of alternating 
motors vary largely with the size and design of 
the motors, and with their condition of load. The 
energy component in the circuit of a non-syn- 
chronous motor of ordinary design will range 
from 8s to 95 per cent, at full load and as low as 
50 per cent, on light load; large motors with small 
air gap have relatively large energy factors. Syn- 
chronous motors when lightly loaded and working 
with strongly excited fields will take energy from 
the line as the impressed e. m. f. wave rises and 
return it as it falls, thus acting like condensers 
tending to reduce the lag angle or to make it nega- 
tive. Thus, where several such motors are run in 
parallel, those which are lightly loaded may, in a 
measure, share the load of the others by raising 
the potential, and thus compensating for the drop 
which, the loaded motors would otherwise intro- 
duce. By controlling the field strength of such a 
lightly loaded synchronous motor it can be made 
to regulate the pressure on the line to which it is 
connected, by compensating for the effects of in- 
ductances in the circuit. 

1U Effect of Trantformors. — Well designed 
transformers of the ordinary kind when fully loaded 
with an absolutely non-inductive load, will have a 
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lag angle at their primary terminals of about 4**; 
that is, the e. m. f. at the primary terminals has an 
energy component of 99.8 per cent, and an induc- 
tive component of 6 per cent. In large transformers 
the energy component is still greater, and in 
smaller sizes it is generally less. At half load, the 
energy component is less, but still about 99.5 per 
cent., which corresponds to an inductive compo- 
nent of 10 per cent. We have already stated that 
at no load the current in the primary of a trans- 
former has an energy component of about 70 per 
cent. 

The ordinary load of an alternator running in- 
candescent lights includes the lamps, the second- 
ary wiring, the transformers, and the primary 
mains. When the feeders are at full load the trans- 
formers will, on the average, be possibly at one-half 
to three-quarters load. A certain amount of in- 
ductance is introduced by the large wires in the 
secondary circuits, also by the primary feeders, and 
the whole may be estimated as having an energy 
component of 99 per cent., which may be differ- 
ently stated by saying that the current in the cir- 
cuit has an energy factor or power factor of .99 
which corresponds to an induction factor of .14, 
and a lag angle of 8° ; .99 and .14 being the two 
sides of a right triangle whose hypothenuse is i, 
and whose smaller angle is 8^. Table II. gives 
power and induction factors corresponding to 
different lag angles. 
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TABLE II. 



Angle. 


Power 
Factor. 


Induc- 
tion 
Factor. 




Angle. 

Degir«««. 
14 

ll 

»7 
j8 

i^ 
^o 
31 
^3 
33 
3+ 

39 
4CJ 
4t 
42 
43 
44 
4$ 


Power 
Factor. 


Induc- 
tion 
Factor. 




Degrees. 

I 
a 
3 

4 

1 
I 

9 

lO 

ir 

12 

»3 
14 
15 

ii 

19 
20 

31 
23 




9998 

^ 

9976 
9962 
9945 
9925 

Fi 

9781 

9744 
9703 
9659 
9613 
9563 
95" 
9455 
9397 
9336 
9273 


.0174 
.0349 
.0523 
.0698 
.0872 
• 1045 
.1219 
.13^2 
•1564 
•1736 
.1908 
.2079 
.2249 

■It^ 

.2756 
.2924 
.3090 
.3256 
.3420 
.3584 
.3746' 


Degreca. 

Ii 
ll 

85 
84 
35 
82 
St 
Bo 

11 

75 
74 

7i 
72 

J! 


.9^5 

:S746 
.B660 
.8572 
.8460 
.8387 
.8390 

;S 

*7S+7 
'7431 
'7:^=3 
■7^93 
J 071 


.4067 
.4226 
.4384 
.45*0 

.5000 
.5150 
•5299 
.5446 
.5592 

.5878 

.6ot8 
.6156 

Zti 

.6561 
.6691 
.6820 

.6946 

.7071 


Degrees. 

61 
60 

ll 

55 
54 
53 
52 
51 
50 

Jl 
\l 

45 




Induc- 
tion 
Factor. 


Power 
Factor. 


Angfe. 




Induc- 
tion 
Factor. 


Power 
Factor. 


Lag 

Angle. 



t2. Inductive Resistance of Lines. — When an al- 
ternating current flows in the outgoing and return 
wires of a circuit there is a periodically changing 
magnetic flux through the circuit which induces a 
periodic counter e. m. f. If the wires are brought 
close together this is naturally reduced ; if they 
are separated it is increased, since more lines of 
force are surrounded by the circuit. For a given 
current and distance between centres, the counter 
E. M. F. is somewhat greater if the wires are small 
than when they are large, owing to magnetic flux 
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through the copper of the wires themselves. The 
resistance of large wires is, however, less; conse- 
quently the proportion of inductive resistance to 
resistance is much greater in large wires. We 
have seen (see Fig. 5) that the resultant of the re- 
sistance and inductive resistance is the impedance. 
Table III., gives resistances, inductive resistances 
and impedances per mile of copper wire circuits 
of different sizes and at different distances be- 
tween centres, and for frequencies of 60 and 125'-^ 
per second. This table is figured on the assumption 
that the current waves are simply harmonic. In 
practice, it will be well to add about 15 per cent, to 
the inductive resistances given iii the table as an 
allowance for variations in the current waves. 

The curves on page 29 correspond to the induc- 
tive resistances given in the table, and show their 
amounts for greater and smaller distances between 
centres. 

From what has been said of the properties of 
circuits of different kinds, it will be seen that in a 
large proportion of the practical cases where we 
may want to make line determinations, we will 
be dealing with circuits which have power factors 
exceeding .95 ; though in circuits having a large 
proportion of their load in motors or circuits with 
very large and highly inductive line losses, the 
power factors may be much less. 

In lighting work the loss is usually made small 
on account of regulation, and the lamps being non- 
inductive, the power factors are usually as high as 
.98 or more. If we assume a certain power factor 
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in the whole circuit, which, of course, corresponds 
to a certain lag angle, we can make a table of 



iiy~ 



i»Of\j 




equivalent resistances from which we can calculate 
line losses directly, as from an ordinary resistance 
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TABLE IV. 

Equivalent Resistances. 

Figured on assumption that circuit has a power factor of .q6. 





Ohms per Mile of Wire. 


Gauge No. B and S. 










6o ~ per sec. 


125 ~ per sec. 




.43 


.63 


OOD 




.68 


CO 


.77 


o 


.68 


.89 


I 


.82 


Z.08 


3 


.98 


1.19 


3 


1.17 


X.38 


4 


1.46 


1.68 


5 


1.80 


3.oa 


6 


3.2X 


a.44 


7 


2-75 


3.98 


8 


3.37 


3.61 


9 


4.04 


4-49 


lO 


S.3I 


5.56 



table with direct currents. Table IV is calculated 
on the assumption that the total power factor of 
the circuit calculated is .96 and that the current 
waves are somewhat distorted from the true sine 
curve. The equivalent resistances given in the 
table are the approximate amounts by which the 
total impedance of the circuit would be increased 
by a mile of the wire in question. This table, 
though only an approximation, is sufficiently accu- 
rate for use in most cases. When the power factor 
is more than .96, as is generally the case where 
much of the load is incandescent lamps, the figures 
given are high and therefore on the safe side. 
Where line losses are large and load inductive, more 
accurate methods must be used. 
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13. Relationt of Quantitfei. — The following rules 
applicable to overhead lines, will be understood 
from a study of Figs. 4 and 5 with the explanations 
that accompany them. 

1 . The impedance is equal to the square root of 
the sum of the squares of the resistance and in- 
ductive resistance. 

2. The induction component of volts lost in 
line equals the inductive resistance in ohms multi- 
plied by the current in amperes. 

3. The energy component of volts lost in line is 
equal to the resistance in ohms multiplied by the 
current in amperes. 

Where the circuit is in the presence of iron or of 
a secondary circuit, other energy is consumed be- 
side that necessary to overcome resistance, hence 
Rule I must be modified by the substitution of the 
word energy-resistance^ or some equivalent, for the 
word resistance. 

The following are of universal application: 

4. The energy component of the e. m. f. in volts is 
equal to the energy expended in the circuit in watts 
divided by the current in amperes. 

5. The energy resistance in ohms is equal to the 
energy in watts divided by the mean square of the 
current in amperes. 

6. The potential difference between the ends of a 
circuit, />., the impressed e. m. f. in volts, is equal to 
the square root of the sum of the squares of the 
energy and induction components of the e. m. f., 
both expressed in volts. 

Rule 6 might also be expressed thus: 
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The impressed e. m. f. equals the square root of 
the sum of the squares of the effective e. m. f. and 
the counter e. m. f. of induction. 

These rules are founded upon the fact that the 
square of the hypothenuse of a right triangle is 
equal to the sum of the squares of the other two 
sides. 

14. Practical Deierminaiions by Diagrams. — We 

have already shown how the e. m. f.'s in any alter- 
nating circuit having inductance may be repre- 
sented by a triangle, Fig. 4, or a succession of 
triangles, Fig. 6, which may be combined to form 
a resultant triangle. We will now take a practical 
case and show how a chart may be constructed 
which will show the distribution of e.m. f. on the 
circuit, and the proportion of energy consumed in 
its different parts. The processes of making de- 
terminations are rendered less confusing if we 
reduce all potentials to the same basis, that is, if 
we divide the current in the secondaries of trans- 
formers by the ratio of transformation, and figure 
as if all transformers had a ratio of transforma- 
tion of unity. 

We will assume a case where 500 incandescent 
lamps of 57.5 watts each are distributed on second- 
aries connected to transformers of different sizes 
and on the average about half loaded. These trans- 
formers are connected by a pair of No. 2 B. and S. 
wires to the generator which is 2 miles distant, 
the wires are 18' apart, and the frequency of the 
generator is 125 '^ per second, that is, 15,000 alter- 
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nations per second. The voltage at the lamps is 
100 and the ratio of transformation lo. 

In Fig. 9 the horizontal lines represent energy 
components of e. m. f., and the vertical lines in- 
ductive components of e. m. f., the figure being 
constructed on such a scale that one-half inch re- 
presents 100 volts. Since the lamps themselves 
are practically non-inductive (see Sec. 9) we may 
represent the e. m. f. at their terminals by a hori- 
zontal line, five inches long, a b. The next ele- 
ment to be considered is the secondary wiring. 
Large wires are used in this, which give a consider- 
able amount of inductance in proportion to their 
resistance. The wiring is done for an energy loss 
of 3 per cent., therefore, we lay off b g = 30 volts 
and assume an inductance component g c of the 
same amount. Now we come to the losses intro- 
duced by the transformers. First, there is the loss 
due to the resistance of the coils, which we may 
call I per cent. Second, there is the inductance 
loss, or counter e. m. f. in quadrature with the cur- 
rent introduced by the transformer. In fully loaded 
transformers, this would not exceed 6 per cent., 
but in the present case we may regard it as about 
12.5 per cent. Third , we have the loss in iron 
cores of transformers. This loss is similar in its 
effects to the addition of another secondary; it be- 
ing, in fact, largely caused by secondary or eddy 
currents in the iron. Its effect, then, is practically 
to make necessary a greater current in the primary 
circuit, and it should be so applied. With fully 
loaded large transformers this loss should be about 
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3 per cent. In the present case it will be as high 
as 5 per cent., and we have so taken it. We, there- 
fore, lay off c E = lo volts to represent the resistance 
loss, and e d = 130 volts to represent the induc- 
tance loss in the transformers. Next comes the line. 
If there were no loss in transformers the cur- 
rent here would be 28.75 amperes; to this we 
must add the 5 per cent, for core loss which makes 
the line current 30.19. From Table III., p. 28, we 
see that the resistance of the 4 miles of No. 2 wire 
is 3.3 ohms, and that the inductive resistance will, 
in this case, be 1.32 X 4 = 5.24 ohms. To this we 
must add 15 per cent, for distortion of current 
waves, making it 6.04 ohms. The current, 30.19 
(amperes), multiplied by 3.3 (ohms) gives a resis- 
tance drop of 99 volts, and the same current multi- 
plied by 6.04, the inductive resistance, gives 182 
volts inductance drop. Therefore we lay off d i = 99 
volts and i h = 182 volts. Now if we connect 
A and H the line a h will represent the e. m. f. re- 
quired at the generator terminals, and it will be 
found to be 1,188 volts. If we extend h i to k, a k 
will represent the energy component, 1,139 volts; 
therefore, the actual power in the circuit in watts 
is 1,139 X 3,019 = 34,300, while the volt-amperes 
at the generator terminals will be 35,800. There- 
fore, a 36 K. w. dynamo will be required, though 
the power needed to drive it, if its efficiency is 90 
per cent., will only be 38 k. w. or 51 mechanical 
H. p. The generator will have to be over-com- 
pounded about 19 per cent, to be self -regulat- 
ing. If there were no line inductance the e. m. f. 
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required at the generator would be represented by 
the distance from a to i which is 5^" = 1,150 volts. 
The line b h, which by measurement is found to 
equal 201 volts, is the impressed e. m. f. on line. 
If we had figured that the loss in volts in circuit 
were equal to the line impedance multiplied by the 
current, as is sometimes incoiTectly done, we 
would have anticipated a drop of 201 volts in line 
alone, while the total loss, including secondary and 
transformer is only 188, the portion due to the line 
being about 150 volts. If the line loss were 
smaller, the difference between the volts drop in 
line and the real loss would be relatively greater. 
The above case is assumed for illustration, the loss 
is greater than is ordinarily allowed in practical 
lines. 

15. Arithmetical Determination. — The same re- 
sults which we have arrived at diagramatically we 
may obtain by arithmetic, as follows: 

Energy Inductance Current 
Component Component in 
in volts. in Volts. Amperes. 

Lamps reduced to basis of 1,000 

volts 1,000 .... 28.75 

Secondary wiring 3 jif resistance 

and 3 % inductance loss 30 30 



1,030 30 

Transformers 
Resistance loss about 1% — ,, 10 
Inductance loss about 12.5 ^ 
of the volts at secondary 
terminals = 130 

1,040 160 
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Brought forward^ 1,040 160 28.75 

Primary current increase by 
core loss at this state of 

load 5 jf = 1.44 

Line, 

Current in line 30.19 

Resistance loss 3.3 X 30.19 . . 99 
Inductance loss 5.24 -}- isjf = 
6.04; 6.04 X 30.19 = 182 

1,139 342 

Taking the square root of the sum of the 
squares of 1,139 and 342, we find it to be 1,188 
which is the b. m. f. in volts required at the gene- 
rator terminals, and is the same as that obtained 
by measurement of the line a h in the figure. 

The triangle a d f, Fig. 7 represents the portion 
of the system beyond the primary terminals of 
the transformer. It is ordinarily not necessary to 
construct this triangle from its components, as we 
have done since we may estimate its proportions 
in most cases. In a circuit exclusively of incan- 
descent lamps with a lot of transformers of modern 
design and different sizes, on the average about 
half loaded, like that considered here, the induct- 
ance factor is about 17 per cent., corresponding to 
an energy factor of 98 per cent. 

If the transformers were of old design the energy 
factor might be 95 per cent, or less. 

If the transformers were of good design and 
fully loaded, the energy factor might be over 99.5 
per cent. 

Where motors or other inductive load exists, the 
energy factor will have to be computed or esti- 
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mated from the information which has been given 
as to energy factors of motors. A circuit of trans- 
formers with inductive motors for their load 
would, under average conditions, have an energy 
factor of 80 per cent, or less, though fully loaded 
motors with fully loaded transformers might have 
an energy factor of 90 per cent, or more. 

16. Step-Up and Step-Down Transformer. — The 

fact that very high electrical pressures are unsafe 
and inconvenient, both in generators and distribut- 
ing circuits, makes the use of these transformers- 
necessary where power is to be transmitted long 
distances. There is no difficulty in building trans- 
formers which will stand very high pressures and 
will transform them in any desired ratio. Since 
the efficiency of transformation is no less at high 
pressures than at low, we see that practically the 
only limit to the distance to which energy can be 
economically transmitted is the limit of potential 
difference to which transformers can be adapted 
and for which lines can be insulated. 

It must always be borne in mind that with 
periodic currents the pressure shown by the volt- 
meter is the square root of the mean square of the 
potential differences, and that the maximum strain 
to which insulation is subjected is equal, with sim- 
ple periodic currents, to this voltmeter reading 
multiplied by 1.4 14. We cannot say just what the 
practical limits of dynamo and transformer pres- 
sures are, but present practice seems to indicate 
that 5,000 volts mean as about as high as is ever 
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desirable in a dynamo, while lines and transform- 
ers have been successfully worked with pressures 
of 20,000 and 30,000 volts. 

In making the wiring determinations for any 
installation we naturally must assume the condi- 
tions which will exist at maximum load when the 
loss is greatest. We have already said that the 
transformers on distributing lines at times of 
maximum load are not, on the average fully loaded, 
which fact increases the lag angle of the circuit 
and reduces its power factor. With step-up and 
step-down transformers the case is different, since 
they can be proportioned so that they are fully 
loaded at times of maximum load. These trans- 
formers are generally of large size and modern de- 
sign; consequently the losses they introduce are 
relatively small, as the assumptions made in the 
following determination will indicate. 

17. Determinations, Step-Up and Step-Down 
Transformers. — For illustration of this subject, we 
will assume a practical case where a water power is 
situated 14 miles from a town where it is desired 
to run 500 K. w. in incandescent lights in a com- 
pact district, current being distributed on a three- 
wire low tension underground system, fed from a 
transformer station. The pressure at the station is 
1 30 volts at full load, and at the lamps 1 20 volts. The 
power delivered at transformer station must, there - 

500 
fore, be — X 130 = 541 k. w. We want to use a 

maximum potential of about 10,000 volts, and have 



40 

available transformers of 40 k. w. capacity. At 
the receiving station we decided to use seven pairs 
of these having ratios of transformation of 10 to i, 
with their primaries in two series, and their 
secondaries connected on the three-wire system. 
For convenience we reduce the secondary circuit 
to line potential and find that it corresponds to 
9,100 volts and 59.7 amperes. For our line we will 
figure on No. 00 B. and S. wire. The frequency 
used is 60 '^. For the distributing circuits and 
lights we will assume an energy factor of ..99, cor- 
responding to an induction factor of .14. The line 
has a resistance per mile of .412 ohm, and from 
the table an inductive resistance of .534, the wires 
being 12 inches apart. To this figure we add 15 
per cent, for wave distortion, making it .614 ohm. 
We may then proceed with the determination, as 
follows: 

Energy Induction Current 
Component. Component, a^v!?" . 
Volts. Volts. Amperes. 

Secondary circuits-. 

Power 99JJ of 9,100 9,000 

Induction 1 45^ of 9,100 1,270 

Current ... 59.7 

Step-Down Transformers, 
Resistance loss, i^ of 9,100.. 91 

Induction loss, 6^ of 9,100 546 

Core loss, 3^ of 59.7 .... 1.7& 

61.5 
LinCy 28 miles of wire. 

Resistance loss, .412X28X61.5 710 

Induction loss, .614X28X61.5 1,060 

9,801 2,876 



41 

Brought forward, 9,801 2,876 61.5 

At Secondary of Step Up Transf . 
'V/g, 801 •+2,876* = 10,200 volts 

Step up Transformers, 
Resistance loss, ijif of 10,200. . 102 

Induction loss, 6jg of 10,200 612 

Core loss, 3 jt of 61.5 1.85 

9.903 3.488 63.4 



V9.903' + 3.488* = 10,500 

Thus we see that the generator must deliver 
665 kilovolt amperes and 630 kilowatts. The effi- 
ciency of transmission from generator terminals 
to secondary terminals of step-down transformers 
is 86 per cent. Sixteen of the same 40 k. w. trans- 
formers connected in two series to line, and in two 
series to generator will just fill the requirements 
for step-up transformers. The pressure at the 
generator terminals will be 1,050 volts. The gene- 
rator capacity required is 665 k. w. Assuming a 
generator efficiency of 92 per cent, the power re- 
quired will be 685 mechanical k. w. or 920 h. p. 
The total efficiency from water wheel to lamps 
will be 73 per cent. 

In this determination the transformers are large 
and fully loaded; therefore, the allowances for 
their losses are smaller than in the other case con- 
sidered. Fig. 10 is a diagram of this circuit on a 
scale of one-half inch = 1,000 volts. 

/ff. Interference of Circuits. — When two alter- 
nating circuits are near together it may happen that 
some of the periodically fluctuating circles of mag- 
netic force which surround the wires of one circuit 
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may link themselves through the other circuit. If 
this linkage is not compensated for by the fact 
that other lines of force are at the same time linked 
in the opposite direction, the result will be that 
one circuit will act as a secondary to the other and 
receive impulses of e. m. f. from it. If the periods 
of the circuits are the same, this mutual induction 
will simply tend to increase the drop in one circuit 
and decrease it in the other. If, however, the 
periods of the circuits are different there will be a 
periodic rise and fall of potential in both circuits, 
the maximum of which will come at the instants 
when the two current waves come into step. In 
either of these cases distribution may be seriously 
impaired, undue pressure being occasioned in one 
case and visible fluctuations of light in the other. 

The troubles occasioned by this interference of 
circuits are easily overcome by so arranging the 
relative positions of wires, that one part of a cir- 
cuit exactly counteracts the effects produced by 
the other. Fig. ii shows four circuits, none of 
which could have any effect on any of the others, 
no matter what their relative positions, provided 
their crossings and ends had the relative positions 
shown. 

Fig. 12 shows an arrangement of four circuits on 
a single pole line, which will entirely avoid mutual 
induction. The two wires of each circuit are in- 
dicated by the letters a and a\ b and b\ etc. They 
should occupy the relative positions shown in each 
of the figures for a distance of one-quarter of the 
whole distance they are in company. 
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The same plan of arrangement can be used with 
any number of circuits. If the distance between 
two circuits is great in comparison with the dis- 
tance between wires of each circuit, the interfer- 
ence will be small, whether crossings are made or 
not. Thus, for this reason, as well as for the re- 
duction of self-induction, it is desirable to place 
the outgoing and return wires of an alternating 
circuit as close together as possible, unless the 
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lines are so long, and the potential so high, that 
the static capacity becomes of importance. 

79. Multiphase S/stems.— Such a system consists 
essentially of the use of two or more alternating 
currents of equal period but differing in phase. 
The advantage of these systems is that they make 
possible the use of the class of motors known as 
the rotating field type which work without mov- 
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able contacts, and possess many excellent qualities 
which have not yet been attained with single 
phase motors. To have any clear understanding 
of the principles or action of multiphase currents 
it is necessary to understand the laws governing 
the combination of periodic quantities, the nature 
of which has been hinted at in the preceding pages. 
These laws are very simple and are clearly ex- 
plained in many books on electricity and alternating 
currents. From the method of construction of the 
periodic curve given in Section 4, it is not difficult 
to draw curves of different phases, and, by adding 





FIG. 13. 

their vertical ordinates, to see how they combine 
to form other periodic curves and what the maxi- 
mum and phases of the new curves will be with 
relation to their component curves. 

At present we will simply state some of the 
facts that have practical bearing on the question 
of distribution. 

20. Three Phase System. — In this system several 
different sets of connections may be used; the re- 
lation of currents in lines, however, are the same 
in all cases. Fig. 13 will serve to illustrate the 
system as far as distribution is concerned. 
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In the generator there are three sets of coils 
ay b and V, which are connected to the lines and to- 
gether, as shown, and in which are generated 
periodic e. m. f.'s which differ from each other in 
phase by 120^. These e. m. f.'s can be illustrated 
in phase and quantity by the lines a o^b o and c <?, 
Fig. 14, these potentials being all equal. If the 
potential difference between the centre and each 
of the coil ends is i, the potential difference be- 



a ' l.b 




FIG. 14. 

tween two of the coil ends is V3 = 1.732, and is 
represented by the line a b, which is the resultant 
of the combination oi a and b. We see from 
the figure that the load on the three conductors 
may be connected either between the wires or 
from the wires to a common centre. If the pres- 
sure between wires is i, the pressure from any 

I 

wire to the common centre is = .577. 

1.732 

When two equal periodic quantities differing in 
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phase by 120° are combined, their resultant is 
another periodic quantity equal to each of its com- 
ponents. Thus, in the circuit represented by Fig. 13, 
each wire may be said to act as a return for the 
other two, and in so doing receives only its proper 
share of the load. The different branches may 
therefore be regarded as equivalent to three sepa- 
rate circuits each supplying one lamp, and using 
a ground return in which there is no loss. Sup- 
pose the pressure for each of these lamps was 
100 volts, then the pressure between the ends 
of two of the wires will be 173.2 = V^ x 100 
volts. Suppose we compare this circuit with a 
two-wire single phase circuit having the same 
pressure between wires, hence the same strain on 
insulation, and transmitting the same energy. In 
one case we have three circuits not needing return 
wires ^working on 100 volts, and in the other case 
a circuit working at 173.2 volts, but requiring a 
return conductor. 

Suppose the current in each of the lamps in the 
three-phase case is one ampere, then in the single 

phase two-wire case the current must be —7=: = y^^^ 

or in the two wires 2 V3, the energy transmitted 
being the same in both cases. Thus, in the 
three phase line we have to carry three am- 
peres the single length of the line, while in the 
two-wire line we have to carry V3 amperes 
twice the length of the line. The energy loss in 
a line is equal to the resistance multiplied by the 
square of the current, and consequently the cop- 
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per required for a given loss of energy is propor- 
tional to the square of the current ; hence in this 
case the amounts of copper required are in the 
proportion of (2 V^y and 3* which is 4 to 3. So 
we see that with the same strain on insulation, and 
same power transmitted and lost, the three phase 
system requires 25 per cent, less copper than the 
single phase alternating current system. 

21. Three Phase Determinations. — In a three 
phase circuit each wire is affected, practically, as if 
it had a single return instead of two. The phase 
differences in the other two wires making their in- 
fluence equivalent to that of a single return. 
Hence if the wires are equidistant from each 
other, that is, situated at the corners of an equi- 
lateral triangle, they may be regarded as three 
separate circuits requiring no return wires, but 
each affected, inductively as if a return existed in 
the position of one of the other wires. 

The wires should, when practicable, be placed 
nearly equidistant from each other in cases where 
inductive effects will be important. The nearer 
they are together the less the induction will be. 
When lights are connected to three phase circuits 
they must either be connected between the wires, 
or from each wire to a common return wire. 
These connections may be designated by the 
letter Y and the Greek letter J A reasonably 
good balance must be maintained at the generator 
on the three legs of the circuit. 
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22. Two Phase System. — In this system the gene- 
rator armature is wound with two sets of coils 
which are in quadrature with each other, that is, 




X> 



30 



FIG. 15. 



which generate e. m. f.'s which differ in phase by 
90°. The motor field also has coils in quadrature 
and its sets of coils may be connected to the gene- 
rator by two separate circuits of two wires each, 




FIG. l6. 



or by two wires with a common return. The two 
sets of coils receiving currents from the generator 
co-operate to cause the rotating field in the motor. 
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The three-wire arrangement is most commonly- 
used. Its connections may be illustrated by Fig. 15. 
U a c and d c, Fig. 16, represent respectively the 
E. M. F.'s generated in the coils a c and b c, Fig. 15, 
both in phase and length, then a b^ Fig. 16, will re- 
present the potential difference between a and b, 
Fig. 15. \i a c and b c are each ^o^.ab is equal to 
V2 = 1.4 14. If in Fig. 16, a c and a b repre- 
sent the currents in the lines from a and b, Fig. 
16, then c d will represent the current in the 
wire from c, hence the current in the third wire is 
equal to that in one of the others multiplied by v^ . 
A comparison of these currents and e. m. f.'s will 
show that with the same strain on insulation, and 
the same energy transmitted and lost, this system 
requires 45 per cent, more copper than the single 
phase system, and about 108 per cent, more than the 
three phase system. If lights are run from this 
system the load on the two parts must be balanced. 
If the lights are connected between the outside 
wires balance will not be required, but the output 
of the generator will be greatly reduced since its 
two coils will be acting in series but in different 
phases. 

23. General Reworks on Distribution. — The ob- 
ject of all systems of parallel distribution for light- 
ing is to maintain at all points a potential difference 
suited to the lamps used, and subject to as little 
variation as possible. The matter of energy lost 
in distribution is generally of less importance than 
the question of maintaining constant potential, 
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since constant pressure makes possible the use of 
lamps of high economy, and thus saves energy and 
gives uniformity of illumination. In all systems 
of wiring and transmission there must be resist- 
ance of conductors and other causes which tend to 
create inequalities of potential. Our problem is 
to so arrange matters as to accomplish the follow- 
ing results : First, that the errors introduced are 
small. Second, that they tend as much as pos- 
sible to equalize each other. Third, That they 
cannot combine to form important errors ; and 
Fourth, that the labor necessary in adjustments is 
as little as possible. 

In discussing systems of wiring and distribution 
we will use the terms defined below to designate 
the different parts of circuits. 

Mains are the conductors to which the service 
connections of buildings are made. 

Feeders are the conductors which connect the 
generating station to the system of mains. 

Sub-Feeders are branchings of the feeder ends 
which serve to connect them to the systems of 
mains at two or more points instead of at a single 
point. 

Since there can be no means of compensating 
for loss on mains, these must be laid out so as to 
give very small loss under all conditions of load, 
and in order that this may be accomplished with a 
minimum of copper, we must try to make the sys- 
tem of mains form a network so that if the load 
is particularly heavy in one place, the current will 
be supplied from several directions, all variations 
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of potential tending to equalize each other through 
the connecting wires. 

On feeders the losses may be greater since they 
lead to the station where adjustments of pressure 
may be made to compensate for the losses. The 
fact that variations of feeder loss may occur also 
make a network of mains desirable, since such a 
network tends to equalize the pressure at feeder 
ends, and thus to throw load on the feeders having 
least loss. 

Sub-feeders increase the number of feeding 
points and so reduce the distances which the cur- 
rent has to be carried in mains. 

In the general arrangement that should be 
adopted in any system of mains and feeders, 
whether for alternating or direct currents, the 
feeder ends should be so situated that the general 
trend of current in mains is away from the station; 
they should also be so placed that the resistances 
between them are as small as possible so that they 
can share each other's load and equalize each 
other. 

24. Aliernaiing Current Wiring. — All that has 
been said here applies generally to direct and 
alternate currents. We will now discuss some of 
the advantages and disadvantages that belong ex- 
clusively to alternating currents. The advantages 
afforded by alternating currents are: First, that 
high potentials may be used and the drop in the 
lines thus reduced; and second, that methods of 
adjustment of pressure may be used which do not 
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involve loss of energy. The disadvantages of the 
alternating current are: First, that there is a 
variation in pressure in transformers at different 
loads which in the best transformers is very con- 
siderable; and second, that the line inductances 
tend to disturb distribution and to introduce un- 
certainty, since their effect does not depend on the 
current alone, but on the relative lag angles of the 
line and the load. 

The fact that the degree of inductance of the 
load affects the line losses, makes the use of net- 
works of mains more desirable with alternating 
than direct currents, since they will equalize the 
quality as well as the quantity of load on feeders. 

The fact that there is a variation of pressure of 
from I to 4 per cent, in the pressure on the second- 
ary of a transformer between full load and no 
load, makes it extremely undesirable that a condi- 
tion should exist where transformers differently 
loaded are connected to the same circuit. Of 
course, there are some cases where it is impossible 
to avoid this, but in such cases the regulation can- 
not be good, and it will be impossible to use high 
economy lamps profitably on such circuits, since 
the pressure must be adjusted to suit the heavily 
loaded transformers, and consequently those which 
are lightly loaded subject their lamps to too high 
a pressure. A daily rise of 3 per cent, above nor- 
mal pressure for a short time will reduce the life of 
an incandescent lamp of good economy one-half. 

These facts and the fact that large transformers 
are more efficient and relatively cheaper than 
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small ones, make it highly desirable that second- 
ary mains should be used as much as possible. 
Where secondary mains cannot be used the num- 
ber of lights connected to each transformer, or set 
of transformers, should be as large as possible so 
that the variations of load will be as nearly as pos- 
sible the same on all transformers. In all cases, 
and particularly in cases where isolated trans- 
formers or small groups have to be used, every- 
thing possible should be done to insure good 
distribution on the primary wiring; systems of 
primary mains with as many cross-connections as 
possible should be run, and connection to feeders 
made at suitable points. In connection with such 
a system of primary mains the advantage of run- 
ning dynamos in parallel will readily be seen, since 
feeders connected to independent dynamos cannot 
connect to the same mains, and cannot equalize 
each other's losses. 

The ideal system of alternating conductors 
would consist of feeders figured for small and 
•equal loss, connected at proper points to a network 
of primary mains, which in turn is connected 
through transformers of large size suitably placed 
to a system of secondary mains arranged on the 
three-wire system. The size of mains should be 
so proportioned that the possible drop between 
transformers would be small compared with the 
drop in the transformers themselves, which ar- 
rangement would tend to make transformers share 
«ach other's load. Fuses should be placed in the 
mains between transformers and also in the prim- 
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ary leads of transformers, so that in case of a short 
circuit the section where the trouble occurred 
would be disconnected both from the primary and 
secondary systems, which would prevent the blow- 
ing of fuses on other transformers. 

25. Town Lighting by Aliernaiing Currents. — In 

the practical lighting of a town it is generally not 
possible to realize all the conditions of the ideal 
case just stated. This fact, however, should not lead 
us to lose sight of any of the principles involved; 
we must constantly bear in mind that we are deal- 
ing with a number of sources of error, and we 
must take measures to prevent their combining. 
In every town the bulk of the lighting is confined 
to one or more important streets or localities, and 
the proportion of it which is not within these 
localities is generally found in scattered, small 
groups rather than evenly distributed over large 
areas. In important lighting districts in principal 
streets, the methods described in the preceding 
pages can often be closely followed without great 
extra cost. In the smaller isolated groups much 
can be done in equalizing and controlling pressures 
by the use of secondary mains and large trans- 
formers. The primary wiring can also be gener- 
ally so arranged as to equalize pressures between 
different groups of lights. Thus in most towns, 
systems of alternating circuits could be arranged 
which would give to the bulk of the lights as good, 
or better, regulation than is ordinarily attainable 
with direct currents in small areas. The cost of 
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installing a plant on the lines described will gener- 
ally be somewhat greater than where the indi- 
vidual transformer system is used, but the economy 
of power effected and the improvement in service 
will always far outweigh the increase in first cost. 

26. Underground Distribution. — There are many 
methods by which alternating currents may be 
distributed underground; all such work, however, 
may be divided into two classes, high tension and 
low tension. In the former only primary wires 
are in the street, and the transformers and their 
secondary circuits are in the buildings supplied. 
In the latter the transformers are collected in 
groups at convenient points, and their secondaries 
are connected to systems of mains which distribute 
the current at low tension to the points where, it is 
used. The high tension method of distribution 
has been used almost exclusively for alternating 
currents in this country, and it possesses certain 
advantages, the greatest of which is low cost of 
installation. The low tension method generally 
necessitates the use of a large amount of copper 
in secondary circuits, but it makes possible the use 
of large transformers, and, in some cases, the ad- 
justment of the number of transformers in circuit 
to the load on the line. The most distinct advan- 
tage, however, lies in the fact that there are no- 
variations of pressure arising from various de- 
grees of load on individual transformers, and it is,, 
therefore, possible to maintain a higher regulation 
than is attainable on the individual transformer 
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system. We will first discuss some of the methods 
used in high tension distribution. The most com- 
mon method is by lead-covered cables laid in ducts 
of iron or other material. 

27. Duds. — The conduits in which wires are 
commonly laid are of many designs, but the com- 
monest form is a tube about 3" in diameter. In 
each of these tubes from one to six cables are 
drawn. The ducts themselves are sometimes of 
iron and sometimes of other materials. The ob- 
jects we should have in view in placing these con- 
ductors, are as follows: 

First, we should try to get the two wires of the 
same circuit as near together as possible, so as to 
reduce the passage of magnetic flux between 
them, whether this flux proceeds from themselves 
or from other wires. 

Second, we should avoid round conductors whose 
size is such that the product of the periods per sec- 
ond, and the circular mils much exceeds 100,000,000, 
since in such wires a considerable portion of the 
copper is not available, as shown by Table I., 
page 9. 

The effect of capacity in lead-covered cables 
may be of great importance, but since the lead 
covering is practically always grounded, each cable 
acts as a condenser and the relative positions of 
cables does not affect the case. A knowledge of 
the effects of capacity, which knowledge may be 
obtained by calculation, will influence our discus- 
sion as to the potential which it is desirable to use. 
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28. Iron Duds, — If a single cable of an alternat- 
ing circuit were led through an iron duct, an alter- 
nating magnetic field would be created in the iron 
walls of the tube, the lines of force encircling the 
wire through the iron and giving rise to great 
counter e. m. f. of self-induction and also to energy- 
losses due to eddy currents in the iron. 

If the outgoing and return cables are both in the 
same duct their effects largely neutralize each 
other, though the iron will still have some influence 
the degree of which will depend upon the relative 
positions of the wires. 
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FIG. 17. 



Fig. 17 shows four positions which two cables 
might be constrained to occupy by the presence of 
other cables in the duct. 

In case i. there will be practically no effect pro- 
duced by the iron. In cases 11. and iii. the influence 
will be greater but should not increase the induct- 
ance to a very appreciable extent. In case iv. the 
increase of flux between the wires will be very- 
marked and a good deal of energy may be lost in 
the iron. Under any given set of conditions these 
effects could be calculated with a fair degree of ac- 
curacy. The influence of other conductors in the 
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duct might increase or diminish the effects of the 
iron; thus their presence introduces an element of 
uncertainty, which is particularly undesirable. If 
each pair of conductors are side by side the confus- 
ion between circuits and the losses through the 
presence of the iron will not be great. 

In ducts not made of iron the bad effects of sep- 
arating the two wires of the same circuit still exist, 
though generally in a less degree than with iron 
ducts. These facts make it desirable to draw in 
cables in pairs which are held together in some 
way, or to use duplex cables. 

29. Concentric Cables. — Theoretically speaking, 
the most desirable form of cable for alternating 
currents is the concentric cable in which self-in- 
duction and mutual induction with other circuits 
are practically nil. Where these are made for large 
currents, they consist of two concentric copper 
tubes or circular groups of small wires separated by 
a concentric layer of insulation and also provided 
with suitable outside covering. Where small currents 
are to be carried the inner conductor may be made 
solid. The mechanical properties of concentric 
cables are such as to make their insulation difficult 
and to make their use undesirable in many cases. 

30. Low Tension Distribution. — A study of the 
peculiarities of the incandescent lamp will show 
that very small variations of potential on distribut- 
ing mains are an important source of loss to elec- 
tric light companies since they are sure to entail 
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an irregular service to customers and a small 
amount of light delivered in proportion to the en- 
ergy expended. This matter of regulation of po- 
tential seems to have received less careful attention 
in this country than in Europe, although in some 
of our large direct current stations excellent results 
are obtained. The reason for our backwardness in 
this matter is probably to be found in the fact that 
most of our towns are much scattered and that we 
have naturally fallen into the use of methods that 
will give fair results in towns of this class without 
excessive cost. 

In alternating distribution the losses in trans- 
formers are a source of error which do not exist 
with direct currents, and the magnitude of the 
variations in the secondary potential of trans- 
formers with change of load are such as to make 
good regulation impossible unless these variations 
can be equalized or compensated for. Where cus- 
tomers are connected to individual transformers 
this equalization or compensation is impossible 
since the station potential must be adjusted to suit 
the mass of the load, and is consequently wrong for 
individual transformers on which the average con- 
dition of load does not exist. 

Systems of secondary mains fed by large trans- 
formers or groups of transformers suitably placed 
afford a means avoiding the variations of pressure 
arising from this cause. The condition of load on 
the group of transformers may be compensated for 
by adjustment of primary pressure, or the number 
of transformers in circuit may be varied to suit the 
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load so that the transformers are always working 
at good efficiency, and so that variations through 
change of load are small. In direct current distri- 
bution the principal sources of error are the losses 
in feeders which are necessarily large on account 
of the cost of copper. With alternating currents 
these feeder losses can be made very small and the 
function of the secondary mains is to equalize the 
losses in transformers. These losses or variations 
are so much smaller than those introduced by direct 
current feeders, that the possibilities of regulation 
with alternating currents are much better than 
with the ordinary methods of direct current distri- 
bution. In America we are accustomed to seeing 
good regulation only in direct current plants, 
while in Europe, where this matter of secondary 
distribution has been developed thoroughly, both 
with alternating and direct currents, it seems to be 
conceded that the direct current work can compare 
favorably with the alternating- in the matter of 
distribution only when storage batteries are used 
in sub-stations whose functions in many ways 
correspond to those of the transformer sub-station 
or group. 

The use of the same alternating circuits for 
light and power, which is now coming into vogue, 
increases the desirability of systems of secondary 
mains since it is advantageous to equalize the 
character of load on all wires, so that one branch 
of a circuit will not be highly inductive while the 
others are non-inductive, since in that case the 
line losses will affect the branches of the circuit 
differently. 
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Where current is distributed on secondary mains, 
it is of course necessary to use a low potential since 
incandescent lamps for more than 120 volts are not 
much used. This necessitates the use of large 
conductors, although the potential effective for 
distribution may be increased by the use of the 
three wire system. With large conductors the 
inductance will be great in proportion to the resist- 
ance, unless the conductors are so placed with rela- 
tion to each other that the inductance is minimized. 
In very large circular conductors all the copper 
will not be available for conductivity, as has al- 




FIG. 18. 



FIG. 19. 



ready been explained. These considerations and 
others make it desirable that a low frequency 
should be used on such circuits, while the use of 
arc lights with incandescent circuits makes a fre- 
quency much less than 60 ^ undesirable. Since at 
this frequency we can use conductors one inch in 
diameter with a loss of only 13 per cent, in con- 
ductivity, we see that the surface effect is not an 
important consideration. By using flat conductors 
instead of round, and placing them close together 
in the same tube, induction and surface effect can 
both be practically eliminated. By properly shap- 
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ing and placing the conductors, coppers of one 
square inch and over can be used at 60 cycles 
practically without greater losses than would be 
experienced with continuous currents. Figs. 18 
and 19 show sections of three- wire feeders and 
mains now commonly used for direct current 
distribution. Figs. 20 and 2 1 show sections which 
might conveniently be used, and which would make 
induction negligible with conductors of i,ooo,oco 
circular mils, except in cases of highly inductive 
load. 

Very large feeders are not necessary with alter- 





nating currents since the systems of mains can be 
fed at as many points as desired from groups of 
transformers. A pair of conductors in an iron pipe 
like Fig. 18, each copper having a cross section of 
one square inch, would, at a pressure of 2,000 volts, 
transmit three miles the necessary current to 
operate io,oco incandescent lamps with a drop of 
about 7 per cent, in line and transformers. 

A system of underground mains fed by groups of 
transformers, each group connected to a feeder 
with very small drop, should, if properly designed, 
give a better regulation of pressure than is possible 
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with the direct current methods generally used in 
this country. The load on transformers can be 
equalized and the losses on feeders adjusted by the 
use of inductive resistances, or by other means 
which practically waste no power and make the 
use of more than one generator potential unnec- 
essary. Pressures on the mains can be shown in 
the station by means of pressure wires and high 
resistance indicators, and any desired degree of 
accuracy of adjustment can be made. The re- 
cent developments, which have made practical the 
use of good alternating motors with lighting cir- 
cuits, are sure to lead to the wider use of second- 
ary mains for alternating currents. The explana- 
tions of .capacity effects in the following sections 
will show that it may sometimes be undesirable to 
use very high potentials for underground distribu- 
tion. The actual cost of copper is, however, not 
the most expensive part of an underground system, 
and in most cities little could be gained by using 
more than 2,000 volts, which is a convenient gener- 
ator potential. 

31. Effects of Capacity. — When a condenser or 
other system having electrical capacity, is sub- 
jected to an alternating e. m. f., a current will 
pass through it equal ioeX27:nXK where 
e = the E. M. F., n = the '^ per second, and HT = the 
capacity in farads, or millions of microfarads. 
Hence, if we have a line with a capacity between 
wires of i microfarad, that is, TTnrfir^Tr farad with 
an electromotive force of 10,000 volts and a fre- 
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quency of 60 ^ per second, the condenser current 
will be 

X 10,000 X 60 X 2 ;r = 3.76 amperes. 

1,000,000 * O t IT 

Thus a condenser may be said to have a resistance 
or impedance of 

I 
2 7t n /fT 
Since we have used the terms energy resistance 
and inductive resistance to designate the energy 




and inductive component of the impedance, we 
will use the term capacity resistance to designate 
this quantity. 

As has been explained, this quantity, like the in- 
ductive resistance, is in quadrature with the current, 
but differs in phase from the inductive resistance 
by 180°, having its maximum positive value when 
the inductive resistance has its maximum nega- 
tive value. In Fig. 22, if the curve a b repesented 
the current, the curve d c might represent the 
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inductive resistance, and the curve e f the capacity 
resistance. If these two quantities are equal, as 
the curves in this figure indicate, they will neutral- 
ize each other. 




FIG. 23. 



If we have a circuit having energy resistance and 
inductive resistance and in it insert a condenser 
having a certain capacity resistance as shown in 
Fig. 23, the total impedance is illustrated by Fig. 24. 




If the circuit has no inductive resistance it will 
be illustrated by a triangle like Fig. 25. 

If the inductive resistance is less than the capacity 
resistance it may be illustrated by a triangle like 
Fig. 26. 
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Thus the effect of capacity on a circuit depends 
upon the amount and position of the inductances 
in the circuit. 

Line capacity acts like a condenser connected be- 
tween the wires at the middle point of the line as 
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FIG. 25. 

shown in Fig. 27. If we know the capacity we 
know the condenser resistance. This condenser 
resistance is in parallel with the impedance of the 
portion of the circuit beyond c r and the resultant 
of these two impedances in parallel, is the imped- 
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FIG 26. 

ance between the points c & r; this is the reciprocal 
of the resultant of the reciprocals of the two im- 
pedances in question. The resultant impedance of 
a capacity and an impedance in parallel can be 
found in the manner described in Sec. 8. 
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32. Graphic Represeniaiion. — To illustrate some 
of the practical effects of capacity on distribution 
we will construct diagrams representing possible 
cases. Fig. 28 represents a circuit where 256 k. w. 
is transmitted through step-up transformers, and 
a line having five per cent, copper resistance and 
three per cent, inductive loss to a load having an eti- 
ergy factor of .99. The line having a capacity be- 
tween conductors of 5.3 microfarads. Such a case 
might exist in a pair of long cables containing large 
conductors. The maximum potential on the line 
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FIG 27. 



is 4,000 volts. We construct the diagram on the 
scale of i'' = 800 volts, a b represents the step-up 
transformers having one per cent, resistance and 
six per cent, inductive loss, b d represents the 
line with a resistance drop of 200 volts, d e repre- 
sents the load with its proper lag angle, as its im- 
pressed E. M. F. would be if there were no capacity 
in the line. The impedance of this circuit is its 
impressed e. m. f. 4,000 

ESSim = -^ = ^^-5 ^^"^^^ I*^ P^""- 

allel with this load circuit we have a condenser re- 
sistance of ohms: this, at 60 cycles per second, 

2 71 tic ' "^ '^ 
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= 6.283 X 6o X 5.3 ^ ^^o^.oo^ = 500 ohms (the 
1,000,000 reduces the microfarads to farads). The 
phase of the e. m. f. impressed at the point c will 
be that of the impedance which is the resultant of 
this capacity resistance, and the impedance of the 
load circuit in parallel. The phase of the capac- 
ity resistance is shown by the vertical line c f in 
quadrature with the current. If we construct a 
parallelogram on the angle e c f, whose sides are 

in the proportion of — to - — - the diagonal from 

c will give the phase of the resultant impressed 
E. M. F. When one generator is so adjusted that 
this pressure is 4,000, the e. m. f. required will 
be represented by c h. The e. m. f. at the gene- 
rator terminals will then be represented by a h 
= 4,160 volts. If the line had no capacity, the 
pressure at the generator terminals would have to 
be A E = 4,220 volts. From an examination of 
this figure we see that the combined effect of 
the capacity and the inductance of the trans- 
formers is to raise the potential on the line 
above what it would otherwise be, or apparently 
to increase the ratio of transformation. To 
really show the generator e. m. f. for which 
the dynamo must be excited and compounded, we 
should add at a a triangle, showing the resistance 
and inductive resistance of the generator armature, 
the lines a h and a e representing pressures at 
the dynamo terminals. If there were no inductance 
between the centre of the line and the generator, 



71 

that portion of the circuit might be represented by 
the line c a', and since a' e is a little shorter than 
a' h we see that the requisite generator pressure 
would be slightly raised instead of being lowered 
by the presence of the capacity. 

Fig. 29 represents about the conditions that 
might exist in the same circuit at % load. The 
inductive loss of the step-up transformers would 
then be increased to at least 15 per cent., while 
their resistance loss would be practically nil; the 
line losses would also be very small. The load 
would be more inductive, as shown by the raising 
of the point e. The impedance of the load would 
be four times what it formerly was, and will now 
be J4 the capacity resistance. Hence the parallel- 
ogram which we construct to find the phase of the 
resultant impedance has sides in the proportion of 
2 to I, and c h represents the resultant impressed 
E. M. F. This being 4,000 volts, the pressure re- 
quired, the E. M. F. at generator terminals is a h 
= 3,960, while that required, if there were no 
capacity, would be 4,240. Thus the line capacity 
reduces the required generator pressure by 4 per 
cent, at % load, and by i per cent, at full load, 
the condenser current being 12.5 per cent, of the 
full load current. 

If the step-up transformers were not used the 
generator terminal pressures would be found by 
measurements from the point b in both figures, 
and it is apparent that the capacity would have 
practically little effect on distribution unless the 
armature circuit of the generator was highly in- 
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ductive. The following record of an actual test 
made on a piece of cable shows an extreme case 
of the application of the principles illustrated by 
Figs. 28 and '29. A piece of cable, 240 feet long, 
having a capacity of .016 microfarad was con- 
nected to a small transformer secondary, which 
gave normally on open circuit 3,000 volts; one end 
of the cable was connected to one secondary ter- 
minal, and the other terminal was connected to 
the lead covering. The volts at the terminals 
then measured 10,000. This case might be illus- 
trated by a figure similar to those given. The 
distance corresponding to a h. Fig. 29, would be 
only three-tenths of that corresponding to a b. 
If no energy were consumed in the insulation of 
the cable the line b h would be vertical. Any 
energy consumed in the cable in leakage or insula- 
tion hysteresis would tend to make the line b h 
trend to the right. 

The reader will observe that the effects of line 
capacity will be generally much more marked 
where step-up transformers are used. 

If we are considering the degree of compound- 
ing that a generator will require to make it self- 
regulating when connected directly to a line 
having capacity, the self-induction of the armature 
may be an important factor, since it will act in the 
same way with the capacity, as we have shown in 
the case of the inductance of transformers. The 
E. M. F. at its terminals may be greater than the 
generated e. m. f., for which the field must be ex- 
cited. Since the bad effects of capacity come at 
times of very light load, the inductance of the 
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generator will generally be unimportant unless it 
happens that so small a generator is run at such 
times that the losses in its armature are consider- 
able. The generator armature forms part of the 
circuit, and, strictly speaking, its impedance should 
always be considered as one component of the 
total impedance of the circuit. 



TABLE IV. 

CAPACITY OF LEAD-COVERED CABLES. 
0.15'' THICK. 



INSULATION 



Gauge No. 


Capacity in Microfarads per Mile. 


B. &S. 


Gutta percha. 




Jute. 


0000 


.68 


.60 


.65 





•Sa 


.46 


.50 


3 


•4» 


.36 


•39 


6 


.3a 


.28 


.3» 





.a6 


.a3 


as 



The above Table IV. gives capacities per mile 
between the conductor and the covering. Where 
both outgoing and return cables are grounded, or 
in contact, as when laid in ducts, the capacity be- 
tween conductors per mile of conductor is J the 
figure given in the table. 

As has been explained, the effect oi line capaci- 
ties are practically the same as would be produced 
by equivalent condensers placed between the wires 
at the middle point of the line. 
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Except in very exceptional cases the capacities 
of aerial lines are so small as to be entirely neg- 
ligible. Table V. gives the capacities of various 
sizes of conductors strung at distances of 12, 1 8 and 
24 inches apart. 

TABLE V. 

CAPACITIES OF LINES IN MICROFARADS PER MILE OF 
CONDUCTOR. 





Distances Between Centres of Wires. 


Ga«^B:*S. 




12 Inches. 


i8 Inches. 


24 Inches. 


0000 


.0226 


.0204 


.0x92 


000 


.0220 


.0200 


.0188 


00 


.0214 


.0194 


.0184 





.oao8 


.0190 


.0180 


I 


.0202 


.0186 


.0176 


2 


.0169 


.0180 


.0x72 


3 


.0192 


.0176 


.0168 


4 


.0188 


.0172 


.0164 


5 


.0182 


.0168 


.0160 


6 


.0178 


.0166 


.0x58 


7 


.0174 


.0x62 


•0154 


8 


.0170 


.oz6o 


.0x52 


9 


.0168 


.0158 


.0148 


10 


.0164 


.0152 


.0146 



33. Conclusion. — A first consideration of the vari- 
ous phenomena that may influence distribution by 
alternating currents, tends to impress one with the 
idea that the difficulties to be met, must constitute 
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serious objections to the use of currents of this 
class. A more thorough study of the principles 
involved shows us that these peculiarities are not 
of great importance where good apparatus and 
proper methods are used. Such a study also shows 
us, that in cases where these principles are not con- 
sidered in laying out work, the results obtained 
may be vastly different from those expected. 

We have seen that in circuits whose power fac- 
tors are large, the effects of inductance in lines and 
transformers may be almost negligible, while with 
inductive circuits, the variations of pressure caused 
by these inductances may be of great importance. 
Thus, the more inductive resistance we put into a 
circuit, the greater the effect of each unit of in- 
ductive resistance. To avoid inductance in circuits, 
attention must be given to the following points : 

The transformers should be large and of good 
design, and should be operated as nearly at full 
load as possible. We should not introduce large 
losses through lines having much inductance, such 
as wires of large size on poles. We should not use 
too much motor load with lighting circuits, unless 
suitable arrangements for adjusting and equalizing 
pressures can be made. 

All transformers have inductance, which affects 
their regulation more or less, according to the de- 
gree of inductivity of their load ; hence it is unde- 
sirable to have two transformers on the same 
circuit, one operating on a non-inductive and the 
other on an inductive load ; that is, if it is desired 
to operate incandescent lamps from both. 
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Since we can use high potentials in feeders, we 
do not have large losses of potential to deal with 
in using alternating currents. As we have seen, 
however, there are several sources from which 
irregularities arise. If these errors can combine, 
they will be serious, whereas, if they can be equal- 
ized and made to balance, their effects may be 
very slight. Thus, the true means of obtaining 
good results in alternating current distribution is 
by the use, to as large an extent as possible, of 
systems of secondary mains. 



[the end.] 
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